The nucleus in early stage of meiotic prophase of Trillium kamtschaticum is characterized by enormously elongated fine chromonemata which fill up the nucleus. Identification of leptotene, zygotene and pachytene in the PMCs is much difficult because of the finess and entanglement of the chromonemata. However, the onset of meiotic prophase can be noticed by a) enlargement of the nucleus, b) diffusion of chromocenters and c) elongation of chromonemata. These changes begin to occur side by side about four months prior to M, in the PMCs.
Careful observations with fixed materials could succeed in dis tinguishing successive stages in early meiotic prophase (Samejima unpubl.) . Along with the direct observation an indirect method of inquire about the changes in the nucleus of early prophase was carried out utilizing x-rays as the tools of the inquiry. PMCs were observed with aceto-carmine smear method. About 4:2:1 mixtures of 0.33 mol aq. sol. of KCI, NaNO3 and CH30OONa was used as the pretreatment agent for the demonstration of spiral structure in meiotic chromosomes after about 2 minutes' pretreatment before the fixation.
The plants used as the material for the tests carried out in 1948-50 were taken from Toyoni population and those used in 1951 were from Akkeshi population. These two populations are much heterogeneous in chromosome composition (Kurabayashi 1957) . But the meiotic chromosome behavior in the PMCs was highly regular and the fertility of mature pollen grains was uniform and high in both populations, attaining more than 95 per cent in field condition. Such is a suitable situation for the present analysis.
Experiments and observations
Changes in sensitivity to X-ray during early meiotic prophase. About half t dozen of the plants were irradiated at intervals of one week to ten drys from the beginning of September to the end of October.
The dosage was fixed to 20r in each irradiation.
One to three plants were chosen at random from each of the irradiated samples and the frequency of aberrations at MI, AI and interkinesis in the PMCs was recorded (Table 1 and Text  Fig. 2 ).
Materials irradiated in September are in the stage of premeiotic mitosis. Two types of aberrant M1 cells are distinguished in these materials. The one are composed of PMCs in which the complete chromosome complement can be reconstituted with the aberrant chromosomes induced in each of the PMCs.
In other words, all the chromosome segments are kept in the PMCs until MI is attained.
Another type of aberrant PMCs have one or more excess or defficient chromosome segments.
These cells must undergo mitotic division, at least once, after they are irradiated.
The latter type of aberrations may be called secondary abnormalities because they are derived from the primary ones produced in cells which do not finish premeiotic mitosis (cf. Kurabayashi 1953 p. 255) .
The frequency of aberrant cells of the latter category diminished until the end of September (Fig. 2) when the premeiotic mitosis in anthers was finished as ascertained by direct cytological observations. The frequency of the induced aberrations, including the secondary ones , was kept nearly constant during the premeiotic stage. Gradual increase in the frequency was seen from the end of September to the beginning of October when the PMCs enter into meiotic prophase. Towards mid October , marked increase in the frequency of aberrant PMCs was detected . This increase seems to take place rapidly in each individual, the frequency values fluctuating much in different individuals irradiated in mid October (cf . 17/10 1950 in Table 1 ). Materials irradiated in late October did not reveal such a marked individual difference (cf. 27/10 1950 in Table 1 ) . Their sensitivity to x-ray was higher than that of the plants irradiated in early October (Fig . 2) Frequency of different types of chromosome aberrations.
Four types of aberrations were distinguished in the M1 chromosomes: B" (Chromosome breakage), T"" (Chromosome translocation), T"' (Chromosome chromatid translocation) and T" (Chromatid translocation) (Text Fig. 1 ). Chromatid breakage (B') was also detected in bivalents after parallelization (Matsuura 1940) of the chromatids. But identification of this type of abnormality was difficult in the bivalents prior to the parallelization, being arrested by relational coiling (Matsuura 1941.) of chromonemata.
Therefore B' was omitted from the present analysis of MI chromosomes.
The relative values of the frequency of these four types of aberration (B", T"", T"' and T") detected in the bivalent chromosomes in the PMCs of the plants irradiated at 20r was shown in Table 2 . Majority of the aberrations was occupied by B" and T"" in the materials irradiated earlier than mid October. A sudden decrease in the relative frequency of T"" was seen towards the end of October when T" was increased (cf. the last column in Table 2 ). The increase in T" was accompanied also by a decrease in the relative frequency of B". It should be remembered, how ever, that the relative frequency of each of the aberrations was recorded here omitting one type of aberration, B'.
The frequency of B' was measured at AI (Table 3) . Majority of the breakages detected in the materials x-rayed earlier than mid October were Table 3 . Relative values of the frequency of five types of aberrations (B", B', T"", T"' and T") detected at AI in the PMCs of x-rayed materials B". The frequency of B' became conspicuous at the end of October when T" appeared taking the place of T"". Accordingly chromosome splitting in meiotic prophase in the PMCs of this plant may be regarded to occur, judging from this x-ray test, in late October. However, the split chromatid pair react as a unit of breakage to x-ray irradiation after the splitting, and the relative frequency of B" was high even in the materials x-rayed in mid January of the next year (cf. 13/1 1949 in Table 2 and Kurabayashi 1953).
21* Relationship between the frequency of induced aberration and x-ray dosage. It was shown from the above tests that marked changes in nuclear materials in the PMCs occur soon after they finish premeiotic mitosis. It is difficult at present to show when meiotic prophase begins in the PMCs. It is certain, however, that the PMCs of this material are in quite a labile condition in respect to reactivity to x-ray in sometime during mid October. The lability was expressed in the material taken from Akkeshi population* as an irregularity in dosage-frequency relation of induced aberrations.
Approximately linear increase in frequency of induced aberrations to some power (1<P<2) of dosage was seen in more than half of the individuals Table 5 . Relative frequency (%) of four types of aberration (B", T"", Tm and T") detected in bivalents in the PMCs x-rayed on fifth October, 1951 x-rayed on 5th October (Table 4 ). But there were individuals which showed extremely high aberrations. The frequency in the latter was not only high but also fluctuate conspicuously within a same individual and even within a same anther (Table 5) . Such a situation reduces possibility of genetic dif ference in x-ray sensitivity among these individuals.
Their high frequency of aberration was caused by a marked rise in frequency of B" accompanying a small increase in translocations (Table 5) . Such was in quite contrast to the situation detected among individuals which revealed appropriate dosage frequency relation. In the latter translocations increased approximately in Figs. 3, 4 . Dosage (abscissa)-frequency (ordinate) relation of the induced aberrations in the PMCs of the material x-rayed on 5th October.
3 (left), B": chromosome breakage. 4, (right) T: Total of T"", T"' and T". linear proportion to two power of the dosage, while the increase in B" was rather simple linear (though not strictly so) to dosage (Tables 5, 6; Text Figs. 3, 4) . It seems, therefore, that the extraordinarily high frequency of aber ration in the former may be ascribed to failure in restitution and recombination of the initial breakages induced by irradiation. Distribution of aberration in each chromosome. The distribution of induced aberrations in each chromosome was examined to show that the aberrations occurred roughly in accordance with the chromosome length . The proportionality between the frequency of induced aberration and chromo some length was inferrable in the case of translocation (T""+T"'+T"), while it was absent in breakage (B"). In the latter chromosome B and E seem to be less breakable than chromosome A, C and D.
Tetraploid FMCS detected in an x-rayed individual.
A small number of 4n PMCs were detected in an anther of an individual x-rayed at 20r on Table 9 . Frequency of four types (B", T/1", T1"' and T") of aberrations detected in 4n and 2n PMCs 27th October 1950. As the observation was made with smear preparations, no indication about the mode of distribution of the 4n cells in each locule of the anther was obtained. Total 74 4n cells were found among 9440 PMCs pushed out of the anther (Table 8) . Relative values of the frequency of individual types of aberration were examined in the 23 4n PMCs with aberrations and were compared with those obtained in 2n cells in the same preparation ( Table 9 ). The coincidence of the values in 2n and 4n cells was fairly high. There was no replica of aberration in each 4n cell. The abso lute values of the frequency of the aberrant PMCs was approximately 2:1 in 4n and 2n PMCs (Table 9 ). This is in accord with the fact that the 4n cells contain twice as many chromo somes as the 2n cells. Hereinafter, r and e represent reductional and equational modes of opening-out respectively and the hyphen the opposition of breakage.
The kinetochore being oriented to the left-most.
Then each figure is represented as follows: MI: r-r; M2: r-e; M3: e-r; M4: e-e. M5 is derived from M.1 when an interstitial chiasma is formed distally to the point of breakage Here the "diplotene opening-out" of chromatids has been assumed, accord ing to the neo-two-plane theory (Matsu ura 1940), to occur both equationally and reductionally. In the present materials x-rayed before the splitting of chromatids, the opening-out of chro matids was seen to occur almost exclusively reductionally (cf. MI in Fig. 5 ). The frequency of "equational opening-out" including M2, M3, M4 and M3 together (Fig. 5) was so small that no statistical examination was possible with respect to the relative frequency of equational and reductional opening out, if any of the former exists.
All the abberrations listed in Tables 2 , 5 , 6, 7 and 9 as B" were the ones with M, configuration , or r-r opening-out (cf. the explanation of Text Fig. 5 ). Very few showing M2-5 configurations were found in the PMCs which were not included in the above statistical analyses.
The absolute frequency values of M2-5 per PMC were shown in Table  10 . It is clear from this how rare these configurations are as compared with M, which was listed as B" in the above Tables.
Such smallness of frequency values of M2-5 may suggest other possible cause of the configuration than x-ray irradiation.
Here it may be remembered that the same configurations were taken by bivalents at M, in the PMCs of interspecific hybrids of Trillium (Matsuura 1950, Kurabayashi and Saho 1957) . The comparison of the relative frequency values of each of the four configurations in the x-rayed materials with those detected in an interspecific hybrid, T. miyabeanum, elucidated, however, that these two groups of aber rations belong respectively to different category (Table 10 ). The marked excess of M4 ,5, or X, configuration in the hybrid is the sequence that the aberrations in this hybrid are induced due primarily to inversion crossing overs (Kurabayashi and Saho 1957) . The paucity of M4-5 in x-rayed materials, on the other hand, may be attributable to the scantiness of B' in them which were x-rayed before chromosome splitting (Tables 2, 3 ). The scantiness of B' at that time of irradiation results in smaller frequency of T" than T"'. The former takes the configuration of M4,5 and the latter M2,3 when the initial breakages occur in approximately corresponding loci of homologous chromosome pairs.
In actual fact, the frequency of M4,5 increased in the x-rayed material towards late October together with the increase in the frequency of T" ( Table 5 (Fig. 13, A, B) . 8, case 3; A, from the same plant ( Fig. 13, I , J). 9, case 4; C, from a plant No. 3, 40r, 1951 in Table 5 ( Fig. 13, K of course not concern with the method of nomenclature of stages in nuclear cycle, but with the conclusion made on the basis of this postulation that "these configurations (cf . Text Fig. 5 in the present paper) are most rationally understood on the assumption that the breakage had taken place before the chromosomes begin to pair, namely, at radiated resting stage (Matsuura & Haga 1950 p. 41) ." This conclusion seems to be premature, being made without any attention to the chromosome splitting which occurred in the present material four months prior to Mi. Furthermore no evidence sup porting that the meiotic chromosome pairing does not occur until 60 days before Mi is attained.
Figs. 10-12. Examples supporting chiasma theory.
10, chromosome D, taken from a plant No, 4, 40r, 1951 in Table 5 (cf. Fig.  13 , C, D). 11, chromosome C and E, taken from a plant No. 4, 40r, 1951 in Table 5 (cf. Fig. 13 , E, F). 12, chromosome C, taken from a plant No. 4, 40r, 1951 in Table 5 (cf. Fig. 13 It was ascertained in the present material irradiated prior to chromosome splitting that majority of heteromorphic chromosome pairs which respectively have a B" in an chromosome arm performed reductional opening-out. Evidence supporting equational open ing-out in the heteromorphic pairs were negligibly small even disregarding the possibility of T" and T"' origin of the M2-5 configurations.
Explanations substantiating e quational opening-out were given by Matsuura (1951) to certain peculiar meiotic configurations taken by MI chromosomes. The configurations to which Matsuura tried to apply his theory were as rare as to be detected once in thousands or tens of thousands of PMCs.
The present writer is not an expert player on such "puzzle" As regards to the other configurations chosen by Matsuura (1951) for the substantiation of equational opening-out of chromatids, no alternative explanations are necessary here, because they are either the ones taken from materials x-rayed after the occurrence of splitting of chromatids at meiotic prophase or the ones which may be explicable on the basis of chiasma theory. Case 2-4: All the configurations* of these cases may be derivable from crossing-overs in inverted segments produced by x-ray irradiations . The position * These configurations and that re presented in case 1 of the present paper were the ones detected after tremendous search for "equational opening-out" with the x-rayed materials .
The number of obserevd PMCs , which was not recorded, may perhaps be of the order of 105.
of inversions and crossing-avers were represented in Text Fig. 7 for case 2 (cf. Fig. 13, A, B) , 8 for 3 (Fig. 13, I , J) and 9 for 4 (Fig. 13, K, L It may be concluded from the above that chromatid opening-out in hetero morphic chromosome pairs induced by x-ray irradiation occurs, as a rule, reductionally in the present material. The previous conclusion supporting equational opening-out (Matsuura and Haga 1950) was made paying no at tention to chromosome splitting.
Summary
1) It was shown with the aid of x-ray irradiation test that a) premeiotic mitosis in the anther of T. kamtschaticum is finished at the end of September, or about five months prior to MI in the PMCs, and b) chromosome splitting in meiotic prophase in the PMCs takes place in late October.
2) Sensitivity changes to x-rays during early meiotic prophase in the PMCs of this plant was investigated to show that the PMCs of the materials taken from Toyoni population became quite labile to the irradiation in mid October. The lability seems to concern, examined with the materials taken from Akkeshi population, with modifications of restitution process of the broken ends produced in chromosomes by the irradiations.
3) Four types of aberration: B" (chromosome breakage), T"" (chromo some translocation), T"' (chromosome-chromatid translocation) and T" (chroma tid translocation) were distinguished in bivalents at MI. The translocations increased in proportionate to two power of x-ray dosage, while the breakages were produced approximately in direct proportion to it.
4) The heteromorphic chromosome pairs induced by irradiation which was given before the prophase splitting of chromosomes in the PMCs, per formed, in majority of the cases, reductional opening-out of chromatids at diplotene. 5) Configurations which were regarded by Matsuura as supporting equational opening-out of chromatids were extremely rare. It was suggested that these rare configurations may possibly be the ones derived from T"' and T" which occurred between homologous chromosome arms.
On the other hand configurations supporting the chiasma theory were often taken by the heteromorphic pairs.
